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There are two planar rotational isomers (rotamers) for 2-and 3-pyridinecarboxaldehyde (2-PCA and 3-PCA, respectively) among the three structural isomers, 2-PCA, 3-PCA and 4-pyridinecarboxaldehyde (4-PCA) as are illustrated in Fig.   1 . The evidence for the coexistence of the two rotational isomers has been indicated not only by NMR and dipole moment measurements [1−4] but also by ab initio calculation using the minimal STO-3G basis set [5] . However, the definite spectroscopic identification and assignments have not been made for the two rotamers of 2-and 3-PCA. Further, only a small number of the spectroscopic data are available in the literatures for pyrimidinecarboxaldehydes. In a foregoing paper, we have obtained clear evidence for the coexistence of the two rotamers of 2-and 3-fluorobenzaldehyde through matrix-isolation infrared-spectral measurements [6] and assigned most of the observed infrared bands of each rotamer. We could have obtained the details of the energetics and populations as well as the infrared feature of each rotamer for fluorobenzaldehydes. Thus, it must be of interest to investigate the similar molecules to obtain further a deeper insight into the relative energies and characteristics of the rotamers and to find common feature of each rotamer.
In the present study, we have measured infrared spectra of 2-, 3-and 4-pyridinecarboxaldehyde (2-, 3-and 4-PCA, respectively) in a low-temperature argon matrix. The coexistence of the anti and syn rotamers has been confirmed for 2-and 3-PCA through the matrix-isolation infrared spectroscopy combined with the UV photoexcitation as well as the density functional calculations, and most of the observed bands for each rotamer have been assigned. Both of the anti and syn rotamers were observed for 3-PCA in the Ar matrix immediately after the deposition, while only the anti rotamer was observed for 2-PCA. Both of the infrared data and the results of the DFT calculations strongly support that the syn rotamer exists as a less stable isomer for 2-and 3-PCA. The aldehyde C−H wavenumber also has been examined to clarify the characteristic tendency of the intramolecular C−H⋅⋅⋅N hydrogen bond of the anti rotamer of 2-PCA. It is shown that the formation of the intramolecular C−H⋅⋅⋅N hydrogen bond for the anti rotamer of 2-PCA results in the shortening of the aldehyde C−H bond length, which gives rise to a blue-shift of the C−H stretching band. The comparison of the data for 2-PCA with those for 3-and 4-PCA shows that the C=O bond length is shortened for the syn rotamer of 2-PCA, which is presumably caused by the repulsion between the aldehyde O and N atoms. It is also shown for 2-PCA that the photoinduced rotational isomerism accompanies the photolysis to yield pyridine and 4 carbon monoxide. In the sample condition mentioned above, the populations of the rotamers frozen at 15 K just after the deposition can be assumed to be the same as those at the temperature of the gaseous sample just before the deposition [7−8] . The effect of photoexcitation was examined by irradiating the UV light to the deposited samples for 10 min. A superhigh-pressure mercury lamp (Ushio, SX-UI 501HQ) was used as a UV light source combined with a water filter to avoid thermal radiation and short-wavelength cutoff filters, Sigma UTF-30U (λ > 300 nm), UTF-34U (λ > 340 nm), UTF-37U (λ > 370 nm) and UTF-42U (λ > 420 nm).
The quantum chemical calculations were carried out using the GAUSSIAN 03
program [9] . Optimized geometries, harmonic wavenumbers and infrared intensities of 2-, 3-and 4-PCA were obtained by density-functional theory (DFT) calculations using the 6-311++G(3df,2pd) basis set. We have used Becke's three-parameter exchange functional [10] for the DFT calculations, together with the correlation functionals of Lee-Yang-Parr (B3LYP) [11] . The harmonic wavenumbers νharm were scaled by the Tables 1−3 , respectively, along with the brief assignments. In Table 4 we show the observed and scaled harmonic wavenumbers of the aldehyde C−H stretching in the 3000−2700 cm − 1 region.
1. Infrared-band assignments
Green and Harrison have reported the infrared spectra of liquid 2-, 3-and 4-PCA and assigned the spectra of 2-and 3-PCA as those of the major rotamer of anti [14] . In Fig. 2 we show the observed and calculated matrix-isolation infrared spectra of 4-PCA whose wavenumbers are quite similar to those reported previously in the liquid phase [14] . The observed spectra in the 1900−700 cm − 1 region are reproduced well within 27 cm − 1 using the wavenumbers and intensities calculated at the B3LYP/6-311++G(3df,2pd) level, except for the 1623 and 1608 cm − 1 bands due to water as well as for the 1200 cm − 1 band. The 1200 cm − 1 band, which is intensified by Fermi resonance with the fundamental band at 1191 cm − 1 , may be assigned to the combination band (989 + 210) [14] . The weakly observed shoulder bands may be due to the site effect of the argon matrix [15] or due to aggregation products such as dimer.
In Fig. 3 we show observed and calculated matrix-isolation infrared spectra of 3-PCA, where the downward and upward bands of the calculated spectrum are those of the anti and syn rotamers, respectively. The infrared spectrum measured immediately after the deposition (Fig. 3a) shows the feature of both the anti and syn rotamers of 3-PCA. Fig. 3b shows the observed difference spectrum of 3-PCA, where the spectrum obtained before the UV irradiation shown in Fig. 3a is subtracted from that obtained after the UV irradiation; that is, the downward and upward bands are associated, respectively, with the bands decreased and increased upon the UV irradiation. Thus, each band of the anti and syn rotamers of 3-PCA was detected separately upon the UV irradiation of the deposited samples. It is inferred from the comparison of the calculated spectra ( Fig. 3c ) with the observed spectra ( Fig. 3b ) that the bands decreased (downward bands) and increased (upward bands) upon the UV irradiation are due to the anti and syn rotamers of 3-PCA, respectively. where the downward and upward bands of the calculated spectrum correspond to those of the anti and syn rotamers, respectively. The infrared spectrum measured just after the deposition (Fig. 4a) shows that most of the bands are due to the anti rotamer. The present result for 2-PCA is in agreement with that obtained previously with MW, NMR and dipole-moment measurements, although a fairly large amount of the syn rotamer has been deduced from the MNR measurement, which has been presumably caused by the solvent effect [1−4] . The result of the NMR measurement has shown that the anti rotamer is more stable than the syn rotamer by at least 9.6 kJ mol − 1 in CS2 solution [3] . UV irradiation (λ > 300 nm) of the samples deposited at 15 K yields an increase of the population of the less stable rotamer for both of 2-and 3-PCA. Hence, the existence of the anti and syn rotamers of 2-and 3-PCA has been confirmed by the matrix-isolation infrared spectroscopy along with the quantum chemical calculations.
The anti and syn rotamers coexist in the Ar matrix immediately after the deposition for 7 3-PCA, while only the anti rotamer exists for 2-PCA.
Ratio of the rotamers for 3-PCA
The existence of the anti and syn rotamers has been confirmed for 2-and 3-PCA. If we assume only the conformational change between the two rotamers upon UV irradiation, then the increased amount of the syn rotamer should be the same as the decreased amount of the anti rotamer and vice versa. Thus, the population ratio of the two rotamers can be estimated from the infrared data obtained before and after the UV irradiation, based on the following relation: 
where Nx and Ix with x = s (syn) and a (anti) denote, respectively, the population and the band intensity of one of the rotamers, and the prime and double prime denote the samples before and after the UV irradiation, respectively [6] . in Fermi resonance [6, 17, 18, 19] . In Table 4 we present the assignments of these indicating that the bond of the syn rotamer is more strengthened than that of the anti rotamer (see Table 3 ). Figure 6 shows a difference spectrum of 2-PCA, where the spectrum observed immediately after UV irradiation (λ ≥ 300 nm) is subtracted from that after UV irradiation without the short-wavelength cutoff filter. The bands denoted by asterisk and allow are newly observed ones along with the bands assigned to the syn rotamer.
4. Photolysis of 2-PCA
The assignments of the newly observed bands are carried out on the basis of the reported spectra. It is found that the band at 2138 cm − 1 (asterisk) is associated with carbon monoxide [22] and that the bands at 1598, 1583, 1441, 1032, 992 and 701 cm − 1 (allows s s s) are associated with pyridine [23] . These bands are detected only for 2-PCA upon UV or light irradiation (λ < 370 nm), but are not detected for 3-and 4-PCA.
It is noted that the increases of the band intensities of the less stable rotamer are also observed not by light irradiation with λ > 420 nm, but by UV or light irradiation (λ < 370 nm) for both of 2-and 3-PCA. Therefore, the rotational isomerism of 2 and 3-PCA occurs not upon light irradiation with λ > 420 nm, but upon the UV or light irradiation with λ < 370 nm, although the energy of 420 nm light (285 kJ mol − 1 ) is high enough to pass through the rotational potential barrier (about 35 kJ mol − 1 ) in the ground state. Table 4 shows the UV−VIS spectral data of 2-, 3-and 4-PCA in hexane at room temperature. The UV-VIS bands are observed in the wavelength region shorter than 400 nm. It is inferred from these data that the conformational change is taking place presumably via the electronically excited S1 (n, π*) and/or S2 (π, π*) states for both of 2-and 3-PCA. In particular for 2-PCA, the photoinduced rotational isomerism and the syn rotamer by 4.5 kJ mol − 1 (376 cm − 1 ). Thus, both of the infrared data and the DFT calculations strongly support that the syn rotamer exists as a less stable isomer 
